Consumo de alimentos processados e ultraprocessados e fatores associados em crianças entre 13 e 35 meses de idade Consumo de alimentos procesados y ultraprocesados y factores asociados en niños entre 13 y 35 meses de edad
Introduction
In recent decades, there has been a reversal of population dietary patterns, with reductions in the consumption of traditional foods and increases in foods that are ready for consumption 1, 2 . This change has been associated to the occurrence of high prevalence of obesity worldwide 3 . In this context, a new classification of foods called "NOVA", which is based on the extent, order and type of processing used in their production, has been proposed 4 . NOVA is a valid tool for nutrition research and classifies all foods and food products into four groups: unprocessed or minimally processed foods, processed culinary ingredients, and processed and ultra-processed food products 4 .
Unprocessed foods are obtained directly from nature, from edible parts of plants and animals 5 . Minimally processed foods are natural foods modified by processes such as removal of inedible or unwanted parts, drying, pasteurization, freezing, without adding substances such as salt, sugar and oils to the original food 5 . Processed culinary ingredients are substances obtained directly from the nature by processes such as pressing, refining, grinding and spray drying 5 .
Processed food products are made by adding sugar, oil and/or salt to unprocessed foods and the processes include various preservation or cooking methods. The main purpose of the manufacture of processed foods is to increase the durability of unprocessed foods 5 . The ultra-processed food products are industrial formulations that typically include substances not commonly used in culinary preparations, and additives whose purpose is to imitate sensory qualities of unprocessed foods 5 .
Processed and ultra-processed food products are characterized by having high energy density, greater amount of free sugar, sodium and saturated fat, and lower amounts of essential fibers and nutrients compared to unprocessed or minimally processed foods 5, 6, 7 . When consumed in small amounts, these products are not harmful to health 4 . However, their high palatability and availability and the "aggressive" marketing of these products challenge their conscious consumption and make them preferred substitutes for unprocessed or minimally processed foods 8 . Another exacerbating factor is that the introduction of these products has been occurring very early in children's diets, even before 12 months of age 9 .
Attaining proper nutrition in the early years of life is critical to infant growth and development 10, 11 and the dietary habits acquired early tend to persist not only into childhood but also into adulthood 12, 13 . There is strong evidence indicating that socioeconomic and demographic characteristics (such as maternal age and education, household income, children having older siblings) 14, 15 and family life habits (such as parent nutrition knowledge and food parenting practices) play an important role in children's food preferences 16, 17, 18 .
Two studies observed a high contribution of ultra-processed food products to total caloric intake of children in the south of Brazil 19, 20 . One of those studies used a convenience sample of 204 children aged 2 to 10 years, among whom the average daily energy intake from these food products was 47% 19 . In that study, the higher the maternal education and the higher the child's age, the higher was the consumption of these food products 19 . To the best of our knowledge, that study was the only one that has investigated the factors associated with consumption of ultra-processed food products in childhood.
Considering the increased contribution of foods ready for consumption to individual's diets, the fact that habits started in childhood can last for a lifetime and are related to diseases in adulthood, and the gaps remaining in the knowledge of the consumption of processed/ultra-processed foods products in early ages, this study aimed to evaluate the consumption of processed and ultra-processed food products and investigate the factors associated with their consumption among children aged 13-35 months in the BRISA birth cohort, São Luís, Maranhão State, Brazil.
Methods
This was a cross-sectional study integrated within the prospective cohort study entitled Etiology of Preterm Birth and Consequences of Perinatal Outcomes for Child Health: Birth Cohorts in Two Brazilian Cities -BRISA, which was developed by the Federal University of Maranhão (UFMA) in partnership with the Ribeirão Preto Medical School, University of São Paulo (FMRP/USP). This study used data from the cohort in the city of São Luís, in which data collection occurred in two Cad. Saúde Pública 2017; 33(11):e00152016 time periods: at birth, from January to December 2010, and at the second year of life, from April 2011 to January 2013.
Population and study sample
The birth cohort was established from a sample based on the number of hospital births recorded in São Luís in 2007 in the Brazilian Information System on Live Births (SINASC) of the Brazilian Ministry of Health. Detailed methods used in the birth cohort have been described in another publication 21 . For this study, a subsample was selected from the BRISA birth cohort consisting of children from 13 to 35 months of age, whose food intake has been assessed.
Considering that the application of the tool used to assess food consumption in all children enrolled at birth would not be cost-effective, a random subsample was selected. This was composed of the sum of the number of preterm births, low birth weight babies and/or twins (853 children) and 1.5 times the number of term children, non-low birth weight babies and non-twins (1,282), totaling 2,135 children. In this subsample, food intake has been assessed in 1,242 children, and there was a non-response rate of 41.8% (893 children). After excluding 4.6% of the children, whose food intake was atypical on the day that the 24-hour food recall (24hR) was applied or whose mothers had refused to participate in the study, the final sample consisted of 1,185 children.
Children whose mothers reported that the 24hR was based on an atypical day by a negative answer to the question, "Yesterday, was the child fed as usual?", were excluded from this study, regardless of the reason.
The required minimum sample size was calculated using OpenEpi (http://www.openepi.com/), version 3.03a, considering a type 1 error of 5%, an 80% power, a ratio between the exposed and unexposed of 1, and an odds ratio of 2; this resulted in an initial sample size of 422 children. Because this study was nested in a cohort study, the sample consisted of 1,185 children who participated in the birth cohort and had available data on their assessed food intake.
Data collection
In this study, data related to socioeconomics, demographics and behavioral factors, and anthropometric measures, were obtained through questionnaires administered at birth and in the follow-up phase at the second year of life. All interviews were conducted with mothers and/or guardians of the children from January 2010 to January 2013 by the team of researchers and trained interviewers.
Birthweight was measured when the child was unclothed, using an electronic Filizola Baby pediatric scale (Filizola, São Paulo, Brazil), For mothers, measurements of weight, using a Tanita digital scale and of height (Tanita, Arlington Heights, USA) with a portable Alturexata stadiometer (Alturaexata, Belo Horizonte, Brazil) were obtained with mothers barefooted, upright, feet together and with their arms along their body. To classify maternal nutritional status, the body mass index (BMI) was calculated using the cutoff points proposed by the World Health Organization (1995) 22 .
Children's diets were evaluated using a 24hR into foods and drinks consumed the day before the interview. To standardize data collection, interviewers were trained in the application of the instruments. Regardless of the answer, the mother was asked for a detailed description of the food, preparation, and quantification of items consumed in household measures. A photo album was used to facilitate the recall of items consumed by the child the day before.
Family, maternal and child characteristics
The response variable was high consumption of processed and ultra-processed food products by children, categorized as yes or no. The independent variables were divided into hierarchical levels.
The first level included socioeconomic and demographic characteristics : maternal age (< 20 years, 20-34 years, ≥ 35 years); maternal education (≤ 8 years, 9 to 11 years, ≥ 12 years); maternal marital status (married, consensual union, without a partner); maternal remunerated activity (yes or no); number of people residing in the house (1-3, 4-5; > 5); family's socioeconomic class, according to the Brazilian Criteria of Economic Classification of the Brazilian Association of Research Companies (ABEP) Cad. Saúde Pública 2017; 33(11):e00152016 (A/B, C or D/E, A comprising the better off and E those of lower income and education); child gender (male or female); and child's age (13-16 months, > 16-20 months and > 20-35 months). The second level included social and health assistance-related variables: beneficiary of the Bolsa Família program (cash transfer) 23, 24 (yes or no) and registered in the Family Health Strategy 25 (yes or no), obtained at 13-35 months by interview.
The third level comprehended maternal behavioral and reproductive characteristics: maternal smoking (yes or no); maternal consumption of alcohol (yes or no) and parity (primiparous or multiparous). The fourth level included child's birthweight (≤ 2,500g; > 2,500 to < 4,000g; ≥ 4,000g). The fifth level included the time of introduction of solids and semi-solids to the child's diet (< 6 and ≥ 6 month), and the sixth level was comprised of the current nutritional status of the mother, according to her body mass index, categorized as underweight (< 18.5kg/m²), normal (≥ 18.5 to < 25kg/m²) and excess weight, including overweight/obesity (≥ 25kg/m²).
Statistical analysis

• Sampling
As the sampling design was complex (all children who were born with low birth weight, preterm or twins and 1.5 times their number of controls) and also due to the non-response of children selected for the assessment of food consumption, the probability of follow-up for each category of variables was calculated. The variables that showed significant differences (p < 0.05) in the probability of follow-up, according to the results of the chi-square test, were used to calculate the weighting factor. A logistic model with preterm birth, low birth weight and/or twinning, mother's education and socioeconomic class was performed to predict the likelihood of attendance for each child, and the weighting factor used corresponded to the inverse of the probability predicted by the model. Thus, all analyses were weighted by the inverse probability of selection, which accounted for the complex sampling design and for losses to follow-up.
• Analysis of dietary data
The Virtual Nutri Plus software version 2010 (http://52.67.123.48/VirtualNutri/Portal/Default. aspx) was used to calculate total calories and amounts of macronutrients and micronutrients, by the Brazilian food composition table (TACO) 26 . For foods that did not have information regarding their composition in the software, labels of the products described by the mother were used instead. After this step, data were exported to Excel (Microsoft Corp., USA).
The use of a single 24hR may not represent the usual food consumption of individuals. Thus, Multiple Source Method (MSM; https://msm.dife.de/) version 1.0.1, was used to adjust food consumption for intrapersonal variability 27 . This adjustment was made using a non-random subsample of 234 children with characteristics similar to the original sample and whose consumption was assessed for three 24hR. A subsample of 234 children had at least an 80% power to detect if the estimated correlations between the replications of the 24hR for the compared foods or nutrients were significantly different from zero.
As many mothers had difficulty reporting information on the amount of milk ingested by the child during breastfeeding, and to prevent the loss of this information, a method proposed by Drewett et al. 28 was used. Using this method, the volume of breast milk consumed is estimated by the amount (in kilocalories) of complementary feeding, and by the child's age in days. This equation has been used in other studies in Brazil, such as one performed by Nejar et al. 29 .
To analyze the percentage contribution of foods to the diet in terms of their processing, "NOVA classification" was used. This methodology was proposed by Monteiro et al. 4 and is formed by the following groups: unprocessed or minimally processed foods, processed culinary ingredients, processed and ultra-processed food products.
The calories from these groups for each child, based on the sum of the caloric intake of the foods reported in the 24hR, were calculated later. In this study, we chose to use two groups: group 1 was composed of unprocessed or minimally processed foods and culinary preparations based on these Cad. Saúde Pública 2017; 33(11):e00152016 foods, and group 2 consisted of processed and ultra-processed food products. The processed and ultra-processed food products were placed in the same group because they are both nutritionally unbalanced and the contribution of total caloric intake from processed foods was very low.
To estimate the contribution of processed and ultra-processed food products in relation to the total energy consumption, the "mean ratio" method was used. In this method, the distribution can be examined when the ratio varies between populations, and this ratio can be studied in relation to other variables. Moreover, the distribution of other factors provides summary statistics such as the median, percentile, and proportion of the population above or below a certain cutoff point.
In this study, we chose to categorize children belonging to the upper tertile of the distribution as having high consumption because, in literature, there is no cutoff point that classifies the consumption of processed and ultra-processed food products.
• Data analysis
We first performed a descriptive analysis of the characteristics of children and their families by absolute and relative frequencies, as well as the characteristics of food consumption of each food group in terms of the percentage contribution to total calories, macronutrients and micronutrients, based on the type of processing used in its manufacturing.
To identify the factors associated with a high intake of processed and ultra-processed food products, we designed a hierarchical theoretical model ( Figure 1 ) and used Poisson regression with robust estimation of variance to calculate the prevalence ratios (PRs).
A bivariate analysis between the independent variables and the outcome within each hierarchical level was performed, and variables were only retained in the model if they had an unadjusted p-value less than 0.20. For every hierarchical level, the variables within the same level were simultaneously introduced, and variables from previous levels that were significant were also included. In the final model, which was adjusted for significant variables selected in each level, only the variables that were significant at the 0.05 level were retained. Weighting factors were added to the model by means of the svyset commands. Statistical analyses were performed in Stata (Stata Corp LP, College Station, USA), version 12.0, adopting a 95% confidence interval (95%CI).
Ethical aspects
The study was approved by the Research Ethics Committee of the University Hospital of Federal University of Maranhão, under research protocol number 223/2009.
Results
We evaluated 1,185 children, who were predominantly male (51.2%),with ages under or equal to 16 months (46.5%). Approximately 9.5% of the children had low birth weight and 17.9% had been introduced to solids and semi-solids before 6 months of age (Table 1) .
In relation to the maternal characteristics, 70.1% of mothers were aged 20 to 34 years, 84% had more than 8 years of education and 67.3% did not have remunerated activity. There was a predominance of the socioeconomic class C (53.7%) and families that were not registered in the Bolsa Família program (68.6%). Other maternal, family and child characteristics are shown in Table 1 .
Regarding their energy intake, on average, children consumed 1,226Kcal/day. The proportion of processed and ultra-processed food products in terms of total calories was 25.8%, and the remaining calories were from the group of unprocessed or minimally processed foods and culinary preparations (74.2%) ( Table 2) .
Cow's milk was the item that contributed the most to the total calories consumed by children (28.6%). Furthermore, in the group of unprocessed or minimally processed foods, significant caloric contributions from culinary preparations (9.5%), rice (7.4%), fruits and natural juices (7.1%), beef (5.6%) and poultry (4.4%) were also observed. In the group of processed foods, bread (1.2%) was the food item that contributed the most. Regarding the ultra-processed foods, baby products (10.9%), petit suisse cheese (3.7%), cookies, pastries and cakes (2.3%) and instant soups and noodles (1.9%) contributed to the total daily calories consumed by the child (Table 2) . Table 3 shows the results of the evaluation of the diet consumed by children and percentages of food consumption. Compared to the group of unprocessed or minimally processed foods, the consumption percentage of processed and ultra-processed food products presented higher sodium content (1,266.8mg), higher levels of carbohydrates (54.4%), total fat (32.5%) and saturated fat (10.9%), lower protein (13.1%) and fiber content (0.9g).
In the unadjusted analysis, high percentages of processed and ultra-processed food products consumption occurred among children aged 17 to 20 months (PR = 1.42; 95%CI: 1.15-1.76), 21 to 35 months (PR = 1.32; 95%CI: 1.08-1.61) and among those whose mothers had up to eight years (RP = 1.37; 95%CI: 1.08-1.73) and nine to eleven years of education (PR = 1.25; 95%CI: 1.03-1.52) ( In the adjusted hierarchical analysis, a high intake of processed and ultra-processed food products remained associated with low maternal education and child's age higher than 16 months. The proportion of individuals with a high consumption of processed and ultra-processed food products increased by 24% in children whose mothers had 9-11 years of schooling (PR = 1.24; 95%CI: 1.02-1.51) and by 32% for those with mothers with up to 8 years of education (PR = 1.32; 95%CI: 1.05-1.67), compared to children whose mothers had 12 or more years of schooling. A higher consumption of processed and ultra-processed food products was present among children aged 17 to 20 months (PR = 1.37; 95%CI: 1.10-1.70) and 21 to 35 months (PR = 1.30; 95%CI: 1.07-1.59) than among those who were up to 16 months of age (Table 4 ).
Discussion
The results of this study indicate that, on average, processed and ultra-processed food products contributed to more than a quarter of the total calories (25.8%) consumed by children. The higher contribution of these food products to the children's diet was observed in children whose mothers had less than 12 years of education and among those older than 16 months.
Compared to our data, studies in the south of Brazil showed higher contributions of processed and ultra-processed food products to the children's diet 19, 30 . However, these studies, performed in the south of the country, included children of a higher age group and, thus, the consumption may have been influenced by other environmental factors to which they might have been exposed. Besides, it is also important to consider cultural and food diversities between regions within a country 31 . In accordance with the present findings, data from the Brazilian National Health Survey (2013) revealed a higher percentage of soft drink and artificial juice intake in the South (38.5%) compared to the Northeast (25.5%), by children younger than 2 years 32 .
The high contribution of infant and child food products observed in the group of processed and ultra-processed foods may be explained by their overly high consumption of cow's milk, as infant and child food products include thickeners used to prepare porridge. In line with these findings, porridge consumption before six months was found to be frequent in the Northeast of Brazil 33 the components of children's early eating habits in this region. In addition to infant and child food products, the substantial contribution of petit suisse cheese and sweet biscuits to total calories, both of which having a low nutritional value, can also be related to the extensive publicity surrounding the food targeted to the children 34 .
The unfavorable nutritional profile of processed and ultra-processed food products found in the children's diet, with high sodium and saturated fat content, as well as low fiber and protein levels, has been already observed in a previous national study 31 . The high sodium consumption is related Cad. Saúde Pública 2017; 33(11):e00152016 Table 3 Contribution of food groups to total calories and nutrients consumed by children aged to increased blood pressure and, consequently, increased risk of cardiovascular diseases 35 , whereas consumption of foods rich in fiber were modestly associated with reduced risk of obesity, type 2 diabetes, and cardiovascular diseases in later life 36 . In this context, high participation of ultra-processed food products in the children's diet has shown a negative impact on health and has been related to the occurrence of obesity in adolescents and adults 37 , metabolic syndrome in adolescents 38 , and changes in blood pressure 39 and lipid profile in children 30 . A comparison of the results of the variables associated with high consumption of processed and ultra-processed foods in the present study with other studies was difficult because few of them have used this classification of food groups, as it is relatively recent. Moreover, many of the existing studies were based on household food availability and consumption from household budget surveys within an older age group. It is worth noting that only two studies have been conducted to investigate the factors influencing consumption of processed and ultra-processed food products, one conducted with children 19 and the other with adults 6 .
In the present study, low maternal education was associated with high consumption of processed and ultra-processed food products. Similar results have been found in studies assessing foods that are part of the processed and ultra-processed food products group in Brazil 40 and other countries 41, 42 . Some authors suggest that low maternal education is associated with low purchasing power and lack of access to health information, which could possibly lead to unhealthy food choices for children 43, 44, 45 . Moreover, considering the high prevalence of advertising of ultra-processed food products by the food industry throughout the media, mothers with more years of education may have a greater ability to discern between healthy and unhealthy foods 46 .
However, high maternal education is not always associated with better child food intake. Sparrenberger et al. 19 observed that high maternal education was associated with increased contribution of ultra-processed food products in the diets of children in the South of Brazil, even though these authors note that this association was weak in magnitude.
We found a higher proportion of consumption of processed and ultra-processed food products among children aged over 16 months. Possibly, as children age they become more susceptible to the influences of different environments they experienced, enabling food choices that were not healthy 19, 47 .
In early childhood, the family represents the main social influence, but as children grow and start school, their teachers, peers and others in school, along with the media and other social leaders, may become more important influences 48 . A systematic review showed that children's growth was also related to a longer time spent in front of the television 49 , and this exposure was associated with an excessive consumption of foods with a high energy density and low nutrient content 49, 50, 51 .
The new dietary guideline for the Brazilian population recommends that processed foods should have their consumption limited and that ultra-processed foods products should be avoided 52 .
Regarding the strengths, this study becomes relevant in the local and global scenario, since it is one of the few to have evaluated the determinants of consumption of these nutritionally unbalanced products, considering this new classification, in a sample of children at an early age. Through the identification of characteristics associated with early feeding practices, this study could help in the elaboration of public policies that focus on infant feeding, especially to prevent obesity in early life.
The findings of this study need to be interpreted in light of some limitations. For one, the use of a single 24hR may underestimate or overestimate individual food consumption, thus not reflecting the true eating habits of children. However, in addition to the large sample size, we used the MSM to obtain a corrected estimate of food consumption by accounting for within-person variability to reduce this limitation. Another possible limitation would be the use of non-random subsample to adjust for intrapersonal variability of food consumption. However, we compared relevant characteristics (age of mothers, family's socioeconomic class and age of children) of the 1,185 sample with the non-random subsample by the chi-square test. No significant differences were observed between the subsample and the total study sample. Similar to other methods of evaluating food consumption, 24hR has its own limitations and biases, such as memory bias. To minimize the effects of these limitations, trainings were conducted with the interviewers, and they used photo albums during the 24hR interviews, aiming to standardize portion sizes. In terms of nutritional composition, the absence of a description of the percentage of sugar contained in processed and ultra-processed foods was due to a Cad. Saúde Pública 2017; 33(11):e00152016 limitation of the software used to evaluate food consumption in this study. Considering the difficulty in measuring the volume of breast milk, which influences children's food consumption, we chose to estimate this volume by an equation 28 that has been validated and used in a previous study 29 . It is worth noting that sample losses in the study were weighted by the inverse of the probability of selection, thus aiming to minimize selection bias. Finally, despite being nested within a cohort, the crosssectional design prevents the establishment of causal relationships between the dependent variables and the outcome studied.
In conclusion, we found an important contribution of processed and ultra-processed foods to the total caloric intake of children aged 13 to 35 months. It is known that high consumption of those products adversely impacts children's diet, as this food group was characterized by a high carbohydrate, saturated fat and sodium content and low fiber and protein content, compared with unprocessed or minimally processed foods. A higher prevalence of processed and ultra-processed food consumption was found among children whose mothers had less than 12 years of education and among children older than 16 months compared to their counterparts. Thus, it is important that children whose mothers had low education or were older than 16 months be targeted for interventions aimed at strengthening the acquisition of healthy habits and preventing adverse health outcomes. 
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